APPENDIX C: PLANT TISSUE SAMPLING

Appendix C: Plant Tissue Sampling

The following is an excerpt from the Guidance for Land Application of Municipal and
Industrial Wastewater, which can be accessed in its entirety at:

http://www.deq.idaho.gov/water/permits_forms/permitting/guidance_wlap.pdf
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Po=E(y) =18 mchesiyt, or 3.22 E-3 eo/hr. If the vadose zone is composed of wuform sandy
materials, we utilize Equation 2. Obtaining Ay = 0.132 E-2 and p = 2.576 from Guymen, 1994
p- 70, we solve for v, which 1s 168 cm. Next we utilize Equation 3, substituting w obtained from
Equation 2, obtaining 8; =0.34, Ay = 00787 and o= 0.614 from Guymen (1994) p. 31. This
expression 1s then solved for 8, which is 0.13.

Substituting Py and & mte Equation 1, we obtain a pore velocity under steady-state conditions of
18 m/0.13, or 141.7 inches/year = 11.8 ft'year. If the vadose zone thickness were 30 feet then,
utilizing Equation 4, the travel fime te ground water would be 30 £t/(11.8 ftyr), or 4.2 years.
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with Application to Evaporation from a Water Table. Soil Science, Vol. 85 pp. 223-232.

Guymen, GL., 1994, Unsaturated Zone Hydrelogy. PTR Prentice Hall. 209 pages. (See
Lumped Time of Travel Medel. pp. 51, 71, 81-83, 103-104).

Idaho Department of Environmental Quality. March 14, 2001, Growmd Water and Soils Quality
Assurance Project Plan Development hManual. 121 pages.

Taylor, B. G. June 2003. Wastewater Land Application Statistical Guidance for Ground Water
Quality Data. Idahoe Department of Environmental Quality. X pages.

.6 PranT T135UE MONITORING

Plant tissue monitormg 1s often required to make mutrient balance calculations Crop uptake
calculations are utihized with soil nuirient data and other constifuent loss estimates to amive at
leaching loss estimates. Nitrate, TEN, motsture, and ash contents are determumed through
chemical analysis of the harvested portion of generally one representative crop per wastewater
land weamuent site per harvest.

Wastewater land treatment sites that are loaded at agronomic rates or up to 130% of the
agronomic rate are often required to performing the chemieal analysis and make crop nutrient
removal caleulations. Some sites loaded at or below agronomic rates are allowed to use crop
nuirient concentration values found in standard tables. It may be appropnate to use standard
tables for crop nutrient conceniration values when the purpese 1s simply to measure tonnage for a
specific crop and assuming: (1) the published meisture content can be used from the table, and
{2} soil monitering is still done. One such standard table 1z found m Follett (1991) which is
repreduced m Table 25, A second table (Table 26), designed for use with numicipal permitting
appears below. Table 23 below, has general values and 15 reproduced from the 1988 Guidelines.
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76.1 PEFERENCES

Follett, B.F., Keeney, D.E., and Crose, .M., 1991, Managing Nitrogen for Ground Water
Quality and Farm Profitability.

Idaho Division of Environmental Quality. 1988, Guidelines for Land Application of Municipal
and Industrial Wastewater.

Table 25, Crop Nutrient Concentration Falues
Estimated Nitrogen contents of the harvested portion of selected crops and vegetables. These values are
approximate; actual site values will vary due to crop maturity, crop vanety, climate (particularly water

siress), and general nuintion status of crop

Source: Fomnesbeck et al. (1984), Natl. Acad. Sci. (1971); and many scientific papers in agronomy and
CIopS too mImerous to menticn.

N matter basis N harvested]

Moisture
Crop Common  General TUmtof comtentof Common — General
Description value range measure unit value range
________ L p— e ----1b N/umit ---

Cersal and o1l crops

Barley, grain 210 1.80-2.30 Eu 14 0.g7 0.78-0.935
Straw 0.73 0.58-0.88 Ton 10 13 10-16
Com, Grain, 1.55 135175 Bu 15 0.73 0.64-0.83

Shelled

Silage 1.25 1.10-1.45 Ton L] 72 6.6-8.7
(Oat, grain 220 1.95-2.50 En 14 0.61 0.54-0.60

Straw 0.70 0.55-0.85 Ton 10 13 413
Peanut,

Seed with 4.20 340500 100 1b 10 L3 3143
pods

Seed only 4.a0 380540 100Ib 10 41 3449
Fice, grain 1.40 1.03-1.65 Eu 14 034 0.41-0.64

Straw 0.63 0.50-0.80 Ton 10 12 g4
Fye, grain 2.20 2.00-2.40 Eu 14 1.03 0.95-1.2
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matter basis N harvested]
Moisture
Crop General Umt of contentof Common — General
Description range measure unit value range
-------- e -—--Ib Wt ---

Straw 0.35-0.63 Ton 10 9 6-12
Sorghum, 1.45-1.80 Eu 14 020 0.70-0.87
ETEIN
Sovbean, grain 6.10-6.90 Eu 15 33 3133

Straw 0.70-1.00 Ton 10 15 13-18
Sunflower, 220-320 Ton 10 49 40-38
zeed

01l type

Confection 2 2.20-3.60 Ton 10 5E 30-63
Wheat grain,

Hard red 2.05-2.50 Eu 14 12 1.1-13
winter

Softred 1.85-2.30 Eu 14 1.1 0.95-1.20
winter

Soft white 1.60-2.00 Eu 14 083 0.80-1.05
winter

Hard red 235285 Eu 14 135 1.20-1.50
3prng

Straw 0.40-0.83 Ton 10 11 7-13

Forage crops
Alfalfa,
Hay, sun-
cured 33 2.80-3.80 Ton 15 36 48-63
Vegetative
Early bloom 3.05 2.55.3.55 Ton 15 52 4360
Mid bloom 275 225325 Ton 15 47 38-35
Full bloom 2.50 2.00-3.00 Ton 13 43 3451
Green chop
Vegetative 355 3.05-4.03 Ton 73 18 1520

102002004

Wastewater Land Application Operators Study and Reference Manual, September 23, 2005

Idaho Department of Environmental Quality

C-5



APPENDIX C: PLANT TISSUE SAMPLING

N matter basis N harvested]

Moistare
Crop Common General Umt of contentof Common — General
Description value range measure unit value range
........ L p— Yo ----Ib Winmt ---
Early bloom 3.15 2.653-3.63 Ton 73 16 13-18
Mfid bloom 280 2.40-3.40 Ton 73 15 12-17
Full bloom 2.60 210-3.10 Ton 73 13 10-16
Bermmdagrass
Hay, sun-
cured 2350 1.90-3.10 Ton 15 43 32-33
WVegetative
Early to mid 1.70 1.30-2.10 Ton 15 29 2236
bloom
Full bloom 1.10 0.20-1.40 Ton 15 19 1424
to mature
Green chop
Wegetative 275 210-3.40 Ton 73 14 11-17
Early to mid 1.90 1.40-2.40 Ton 73 10 7-12
bloom
Full bloom 1.25 0.90-1.60 Ton 73 & 3-8
to mature
Birdsfoot
trefol 310 2.60-3.60 Ton 13 53 4461
Hay, =arly
bloom
Ifid to full 220 1.90-2.50 Ton 13 37 32-43
bloom
Green chop
Early bloom 3.20 270350 Ton 73 16 14-1%
hfid to full 230 1.95-2.63 Ton 73 12 10-13
bloom
Eluegrass,
Kentucky
Hay, sun- 1.75 1.40-2.00 Ton 13 30 2434
cured
Mid bloom
137
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N matter basis N harvested]

Moisture
Crop Common General Umit of contentof Common (General
Description value range measure unit value range
________ A — e -——-Ib Wit ---
IMature 1.00 0.83-1.13 Ton 15 17 13-20
Hay, green
chep 2.00 1.60-2.40 Ton 73 10 2-12
Iid bloom
Mature 1.05 0.90-1.20 Ton 75 5 445
Bluestem
Early bloom 1.40 1.10-1.70 Ton 20 22 18-27
Full bloom 1.10 0.90-1.30 Ton 20 18 14-21
Iature 0.70 0.60-0.80 Ton 20 11 10-13
Bromegrass,
smooth,
Hay, sun- 303 2.60-3.30 Ton 15 52 4460
cured
Vegetative
Early bloom 210 1.75-2.45 Ton 15 36 30-42
Mid to late 1.80 1.40-220 Ton 15 31 2437
bloom
Mature 0.95 0.80-1.10 Ton 15 16 14-19
Hay, grzen
chop 3.35 2.85-3.85 Ton 75 17 14-19
Vegetative
Early bloom 2.25 1.90-2.60 Ton 75 11 413
Mid to late 1.80 1.50-220 Ton 73 9 211
bloom
IMature 0.93 0.80-1.10 Ton 73 5 46
Clover
Alsike
Hay 240 2.05-2.75 Ton 15 41 35-47
Green chop 275 2.353-3.15 Ton 73 14 12-16
Crimson
138
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N matter basis N harvested]

Moisture
Crop Common General Umt of contentof Common — General
Description value range measure unit value range
________ p— e -—--Ib Wt ---
Hay 2.65 225305 Ton 15 45 3g-52
Green chop 275 235315 Ton 73 14 12-16
Ladine
Hay 3150 3.00-4.00 Ton 13 il 51-68
Green chop 4.00 3.50-4.50 Ton 75 20 1723
Eed, hay,
- curad 3.35 2.85-3.85 Ton 15 57 4066
Late
vegetative
Early to mid 2.50 2.10-2.90 Ton 15 42 36-49
bloom
Full bloom 2.35 195275 Ton 15 40 3347
Fed, green
chop 340 2.90-3.90 Ton 73 17 1520
Late
vegetative
Early to mid 2.60 2.20-3.00 Ton 73 14 11-15
bloom
Full bloom 240 2.00-2.80 Ton 73 12 10-14
Sweet, hay 2.65 225305 Ton 13 45 332
Green chop 2.90 2.50-3.30 Ton 75 15 13-17
White, hay 340 2.90-3.90 Ton 13 JE 4966
Green chop 4.00 3.50-4.50 Ton 73 20 18-23
Com, silage 1.35 1.10-1.45 Ton T 15 6.6-8.7
Fescue, tall
Hay, late 2.70 2.20-3.20 Ton 15 46 3754
vegetative
Mid bloom 1.50 1.20-1.80 Ton 15 26 20-31
Mature 1.00 0.20-1.20 Ton 13 17 1420
130
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N matter basis N harvested]

Moisture
Crop Common General Umt of contentof Common — General
Description value range measure unit value range
________ pp— e ----Ib Winmt ---
Green chop
Late 290 230-3.30 Ton 73 15 12-18
vegetative
hfid bloom 1.70 1.40-2.00 Ton 73 9 7-10
Mature 1.10 0.90-1.30 Ton 73 & 37
Orchardgrass
Hay. late 240 1.90-2.90 Ton 15 41 3249
vegetative
Mfid bloom 160 1.30-1.90 Ton 15 7 2232
hature 1.20 1.00-1.40 Ton 15 20 17-24
Green chop
Late 250 2.00-3.00 Ton 73 13 10-15
vegetative
hfid bloom 1.70 1.40-2.00 Ton 73 9 7-10
Mature 1.20 1.00-1.40 Ton 73 & 37
Peanut, hay 1.85 1.50-220 Ton 15 E)] 26-37
Pyegrass
Hay, late 1.85 1.50-2.20 Ton 15 3 26-37
vegetative
hfid bloom 1.30 1.00-1.60 Ton 15 22 17-27
Green chop
Late 200 1.60-2.40 Ton 73 10 8-12
vegetate
hfid bloom 1.40 1.10-1.70 Ton 73 7 6-9
Sorghum, 1.00 0.70-1.30 Ton 74 5.2 3568
silage
Sorghum-
sudan
Green chop 265 1.90-3.43 Ton a2 935 6.8-12
Immature
140
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N matter basis N harvested]
Moisture
Crop Common General Umt of contentof Common — General
Description value range measure unit value range
________ p— e -—--Ib Wt ---
Mid-maturs 1.40 1.00-1.80 Ton 77 6.4 4683
Silage 1.50 0.95-2.03 Ton 7T 6.9 45035
Timethy
Hay, sun-
cured 215 1.90-2.60 Ton 13 3E 3244
WVepetative
Early to mid 1.55 1.30-1.90 Ton 13 26 22.32
bloom
Late bloom 1.3 1.00-1.40 Ton 13 20 1724
Mature 0.95 0.20-1.10 Ton 15 16 14-19
Hay, grzen
chop 2.30 1.95.2.65 Ton 75 12 10-13
WVegstative
Early to mid 170 1.35-2.00 Ton 73 9 7-10
bloom
Late bloom 1.25 1.05-1.45 Ton 73 & 37
Mature 0.93 0.20-1.10 Ton 73 5 46
Vetch
Common
Hay, early 360 310410 Ton 15 61 53-70
bloom
Full bloom 2.90 2.30-3.30 Ton 13 49 4336
Green chop
Early 370 3.10-420 Ton 75 19 16-21
bloom
Full bloom 3.00 2.60-3.40 Ton 75 15 13-17
Hairy fresh
Mid bloom 3.70 3.10-4.20 Ton 75 19 16-21
Wheatgrass,
crested 160 1.30-1.90 Ton 20 26 21-30
Hay. early
141
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N matter basis N harvested]
Moisture
Crop Common General Umt of contentof Common — General
Description value range measure unit value range
________ A — % -—--Ib Wt ---
bloom
Full bloom 140 1.10-1.70 Ton 20 12 183-27
Mature 0.60 0.50-0.70 Ton 20 10 g-11
Eiber and muscellaneous crops
Cotton, lint 0.20 0.15-025 100 I 10 0z 0.1-02
Seed 370 340400 1001w 10 33 3136
Flax, seed 320 330430 1001w 7 i5 3140
Peamut
Seed with 4.3 340300 100 Ib 10 18 31435
pods
Seed only 4.60 380340 100 Ib 10 41 440
Hay 185 1.50-2.20 Ton 15 31 26-37
Potato, white 160 1.20-1.90 10016 73 04 0.3-0.3
tubers
Sugarbeet
Tops 210 1.80-2.30 Ton a2 7.6 6.5-8.3
w/crown
Roots wio 0.20 0.60-0.93 Ton 7T i7 2844
crown
Tops wie 250 2.20-2.80 Ton a2 a0 79101
crown
Roots 110 0.90-1.30 Ton 7T 51 4160
wicrown
Sugarcane
Millable cane
=12 mo crop 033 0.28-0.40 Ton 72 20 1622
=12 mo crop 025 0.20-0.30 Ton T 15 1218
Cane tops + 0.90 0.70-1.10 Ton 75 45 23533
trash
142
10v20¢2004

Wastewater Land Application Operators Study and Reference Manual, September 23, 2005
Idaho Department of Environmental Quality

C-11



APPENDIX C: PLANT TISSUE SAMPLING

N matter basis N harvested]

Moisture
Crop Common General Umit of contentof Common (General
Description value range measure unit value range
________ A — % -—--Ib Wt ---

Sunflower,
seed 270 2.20-3.20 Ton 10 49 40-58

Oil type

Confection 320 2.80-3.60 Ton 10 58 30-63
Tobacco

Flue-cured 20 1.7-23 100 1b 20 1 14138

Maryland il 2636 100 Ib 18 25 2130
type

Burley 40 35435 100 Ib 23 30 2634

Wegestable crops

Asparagus 330 4.80-6.20 Ton az gE 1.3-T.
Bean, snap, 3.00 2.50-3.530 Ton a7 78 6.3-9.0
pods

Dry bean 4.00 3504350 100 1b 10 LN 3241
zeed
Beet, rad 1985 1.65-225 Ton a7 5 446
table, roots

Tops 350 3.00-4.00 Ton 85 11 913
Broceoli 580 3.10-6.80 Ton ol 12 10-14
Cabbage, head 2B 2.30-3.30 Ton a1 30 41-39
Cantaloupe 145 1.20-1.70 Ton a0 29 2434
Carrot, roots 1.50 1.30-1.70 Ton 28 EN] 3141

Foliage 230 2.00-2.60 Ton 24 74 6.4-8.3
Cauliflower 4.40 3.80-5.00 Ton a1 749 6.8-9.0
Cucumber 2.40 2.00-2.90 Ton a5 24 2029
Lettuce, head 4.10 3.30-4.80 Ton a3 41 3349
COmion, bulbs 23 1.80-2.30 Ton af 44 3.8-3.0
Pea, seed only 420 3.50-4.70 Ton 20 17 14-19
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matter basis N harvested]
Moisture
Crop Common General Umit of contentof Common (General
Description value range measure unit value range
________ A — e -—--Ib Wt ---

Vine-no pods 2.00 1.50-2.30 Ton 73 10 8-13
Pepper, sweet 230 1.90-2.70 Ton a2 37 3043
ETeen
Spinach 4.70 3.90-5.50 Ton a1 g5 7099
Sgmash, 310 2.70-3.50 Ton a2 30 43346
FUNUnEr

Winter 210 1.70-2.50 Ton 28 30 4.1-6.0
Sweet com, 1.30 1.10-1.30 Ton L] 78 6.6-9.0
stover

Ears with 1.0 1.40-1.80 Ton 73 86 7697
huzks
Sweet potato, 1.10 0.90-1.30 Ton 72 6.2 3073
root
Tomato 2.70 2.30-3.10 Ton a4 32 2837
Watermelon 1.25 1.00-1.30 Ton a1 23 1.8-27

Tree and fruit crops
Apple 03% 0.25-0.45 Ton a2 13 09-1.6
Almond, with 330 3.00-3.60 Ton 13 36 51-61
shell
Cherry 113 1.00-1.30 Ton a2 41 3.6-4.7
Grapefiuit 1.20 1.00-1.40 Ton 28 29 24-34
Grape 0.a0 0.50-0.70 Ton 80 24 2028
Lemon 1.50 1.30-1.70 Ton a7 39 3444
Orange 1.20 1.00-1.40 Ton a2 43 3.6-3.0
Peach 1.00 0.80-1.20 Ton 28 24 1829
Pear 0.40 0.30-0.30 Ton a2 14 1.1-1.3
Pecan, with 2B 2.50-3.10 Ton 15 48 43.53
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N (Drv matter bazsis

W harvested]

Moisture
Crop Common General Umt of contentof Common — General
Description vahae range measure unit value range
________ L p— Yo ----Ib Winmt ---
shell
Strawherry 1.33 1.10-1.60 Ton 01 24 2029

TPercent N and IN harvested will generally be above the common value for crops grown on N-rich soils
(lozury ameounts of mamure, fertilizer, ete.) and for crops grown in water-stress condifions (low dry
matter production); percent N and harvested MW will generally be below the commeon value for erops
grown in I poor seils (low N mmputs (and for crops with above-average dry matter production (good

rainfall years, imigation, etc.)

ICH, as defined in Chapter 12 by Pierce et al., 1s the IV removed in the harvested biomass.

Table 26. Typical Nitrogen Uptake Values for Vavious Crg

s (for municipal permitting)

Data Nitrogen Uptake,
Crop Type Source | Yield | Ibs per yield unit Comments
Unut
Wheat Bushel‘acre 1.2 29% dry marter, §0 lbsba
Barley Busheliacre 0o 89%; dry marter, 48 lozbu
Oats Bushelacre 0.6 20% dry marter, 32 lbsba
Field Corn Busheliacre 0.8 B7% dry master, 56 bs'ba
(for grain)
f;:}illl:azlzl Tons/ace 7.1 28% dry matter
Alfalfa Hav 1 Tons/acre 304 00%; dry matter
r IE]
E%f_i‘]i Chop) <3 Tous/acre 14 15% dry matter
(rass Silage 1 Tons'ace 13.6 0% dry matter
Tall Fescue 2.3 Toos'ac= 46 5% dry matier
Orcharderass 2.3 Tons'ace 41 5% dry matier
Clover Hav 2.3 Tons/acs 41 85% dry matter
- =

Eﬂ.ﬁi;f:im;g == Tons/ace 26 20% dry matter
Trees 4 B 1o 220
Fangeland, 24

Taken from the 1992 Census of Agriculmure, refer to the following website:

tad I

bttp:fvww.nhg.nres.nsda.govland pubs/nlappla himl
Fomnesbeck et al (1984)
Part 631, Agnicultural Waste Management Field Handbook

4. From varnious references for poplars, other deciduous trees, comfers, and woodlands.
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Winterization and Maintenance of Sprinkler Irrigation Equipment

Prepared b

Ronald E, Sheffield

Extension Specialist

Department of Biological and Agnicultural Engmesrmg
Westh Carclna State Unmversity

Karl A, Shaffer

Extension Associate
Department of Se1l Science
Morth Carclma State Unmverzisy

An irrigation system is an expensive investment. Fegular mamntenance and following
recommended off-season storage procedures will help keep vour system operating
properly for many vears. Following these procedures also reduces the nisk of equipment
failures that may lead to lost production time or crop loss. These procedures are
particularly critical in wastewater application systems, where equipment failures could
result in a discharge of liquid wastes and damage to the enviromment.

This publicaticn provides general checklists for routine equipment inspections, regular
maintenance schedules and winterization procedures for swrface irrigation systems used
for applying fresh water and those applying animal, industrial or nmaicipal wastewater.
Twf, landscape, surface drip. and subsurface drip trrigation systems are not covered.

The criginal operation and maintenance manual for a plece of wrigation equipment 15
yvour primary sowrce of information regarding its required maintenance procedures. If the
manual can not be located, ask yow local dealer or equipment manufacturer for a
replacement.

Solid Set Irrigation Systems

Stationary irigation systems are usually permanent installations (lateral lines are PVC pipes
permanently installed below ground). The stationay sprinkler systems is often used i
wregularly shaped fields, making it difficult to give a standard layout, but there are some
comimon featres between systems. To provide proper overlap, sprnbder spacings are normally
50 to 65 percent of the sprinkder’s wetted diameter. Sprinkder spacing is based cn nozzle flow
rate and desired application rate. Impact sprinkder spacings are typically in the range of 80 feet
by 80 feet using single-nozzle sprinklers. Other spacings can be used and some systems are
designed to use gun sprinklers (higher volume) on wider spacings. Most permanent systems
use Class 160 PVC plastic pipe for mains, submains, and laterals, and either 1-inch
galvanized steel or Schedule 40 or 80 PVC rizers near the ground surface where an
alunimm gquick coupling riser valve is installed. In many wastewater application
systems, ball valves are installed on sprinkler risers along buffers. hillsides, or other areas
where runoff or ponding is a concern

Winterization and Mamtenancs of Sprmkler Imzation Equpment - AG-602

Wastewater Land Application Operators Study and Reference Manual, September 23, 2005
Idaho Department of Environmental Quality

D-3



APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Table 1. Annual Maintenance Procedures for Sprinklers.

Type of Sprinkder

Procedure:

Preszure Gauges

Check pressure gangze, pressure transducer, or flow meter for proper operation.
Followr manufacturer’s suudelmes for cahbratmz tansducers or flowanaters.

Big Guns

I

T
=

Check nozzle for wear. You may need to use machmst’'s calipers to check
ring nozzles for appropriate diametsr. Faplace nng 1f woan.

Check raverse rotation of gom. The gun should trave] in both directions (laft
to right and night to left) at the same speed Big guns operating in partial
circles (Jess than 3607 tend to wmevenly wear bearmgs, adverselv affecting
the speed of zum retation. Ifbearmzs ave woin, 1t may be necessary to replacs
the entore zun.

Coover the mlet of the gun to keep out of dixt o1 small animals,

Impact Sprinkder:

gt [t

i
=i

[}
e

Chieck nozzles for wear. Replace dented or wom brass noezles. Check plastie
nozzles for cracks, clups, or wear pattems. Feplace if neceszary.

Chieck rotation of each sprmkler. Swimg the imepact amm 4 mehes to the night
and release. The sprinkler head should freely and fludly move several
mches, Fapeat. Ensuwe that the amount of rotation 15 consistent each time the
lmpact arm s eleazed. If the amoumt of rotation is net consistent or not flurd,
replace the sprmkler head

Tape over the sprinkler nozzle and pipe base to keep out foreizn objects, such
as msects, rodents, dust and dut. Remove tape before opeiating.

Hard-Hose Travelers

Hard-hose travelers are the most popular pieces of irngation equipment for applying
animal wastes and lagoon effluent. Propesly designed and installed hard-hose travelers
are one of the most efficient and reliable methods of wrigating large areas. Hard-hose
travelers are expensive and highly specialized pieces of equipment that cost $12,000 to
526,000, Maintenance will ensure that yvour equipment lasts for many vears and operates
propesrly. Proper maintenance of umigators will also insure that waste can safely be
applied, nunimizing discharges or runoff events caused by malfunctioning equipment.
Table 2 provides a schedule for lubricating and checking various necessary fluids on
turbine-drive and engine-drive hard-hose travelers. Consult vour equipment’s operation
and maintenance manval and follow the specific lubrication schedule that should be
followed for your trigator.

Maintenance and OF-Season Storage of Ingaton Equpment 2
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Table 1. Lubrication and Fluids Schedule for Hard-Hose Travelers.

LOCATION TYFE OF DATLY | EVERY TWO | MONTHLY | YEARLY
LUBRICANT WEERS
Inlet Spindle Thrust | Multipurpess X
Washer Crraase
Inler Swivel Multipurposs X
Graase
PTO Shaft (if Multipurposs X
present) Craase
Traverse Assembly Mhultpurpose X
Craase
Drum Bearingz Multpurposs X
Graase
Clisins (eccept dium) | 30wt Oil X
VWheel Bearing: Multipurposs X
Crraase
Turntable Bearing Multipurposs X
Ring Graase
CGearbox (1) 90wt Oal X
Gun Cart Wheel Multrpurpeosa X
Bearings Craase
Drive Engine (hl Followr X
Manufacturer's
Spacification

Center-Pivot and Linear-Move Systems

Center-pivot and linear move systems are becoming more commen in Nerth Carclina.
Center-prvots are available in both fixed-pivot peint and towable machines. Linear-move
systems are similar to pivots but instead of moving in a cireular pattern they move only
forward and reverse. Pivots and linears area powered electrically (480 V-AC or diesel
generator) or by a diesel-powered hydraulic ditves. They range from single tower
maclines that cover around 10 acres to multitower machines that can cover several
hundred acres. Prvots and linears use either rotary sprinklers, small guns. or spray
nozzles. Drop-type sprav of rotary nozzles offer the advantage of applying water close to
the ground at low pressure, which results in less evaporative losses and liftle drift due to
wind. Depending on the type of sprinkler used, cperating pressure ranges from 10 to 50
pound per square inch (psi). Low pressure systems (10 — 30 pst) reduce doift at the
expense of higher application rates and greater potential for munoff.

DISCONNECT POWER WHEN PERFORMING MAINTENANCE. ALWAYS
dizconnect electrical power before servicing or performing mamtensnce to the machine.
If vou are going to perform maintenance to the machine, YOU shut off and lock the main
power disconnect. Don’t trust someone else to tum the power off for vou. DO IT
YOUESELF and take the key with you!
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APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Table 3. Seasonal Maintenance Checklizt for Center-Pivots and Linear-Move Svstems.

LOCATION ACTION

Tower

Crowmd Czble | Ensure 26 bare copper wire 15 connected to main pansl and syowmd rod

Tie-downs & Tuwnbuckles | All ge-down bolts (hrmbuckles on towabls units) are dravm up tight.

Prvot Head'swivel | Grease prvot head and enswe that collector inz 15 m place.

Check flanges for leaks and tighten as necessary.

Check pipe drams for proper drainage and rotate the seal sach seazen.
Tighten all tower and span bolts and cables.

Check power cable for damage and proper banding to ensure propar
attachment to span

Span

dn Ly b

Whaels Chack tire pressure. Check mamtenance manmal for proper prassure.

Tighten wheel lug bolts. All wheal lugs shewld be torqued to 125 foot-

poamds annually.

3. Check wheel gearbox 01l lavel. Dham anmzlly or every 1,000 hours,
wlhichever ocours first.

bd =

Drive Motors 1. Check flex boots for leaks and tighten bands 2 neceszary.

2. Check motor power and groumd cables for damaze and good
conmaction.

3. Check sear motor lubaicant. Faplace lubiicant after the first year of
oparation and then every 3 vears or 3,000 hours, which aver ocours
first. Consult manufacturer for appropriate zear lubwcants.

Sprmklars Check spnnklers, nozzles, pressure ragulators for trghtness.
Check spnnklers for free movement.
Check spnnkler norzlas for damage or wear

Check preszme zauge or pressure Transducer for proper operation.

End Gam & Booster Pump Check overhang cables for damage and proper banding.

Clean and ensure proper opetation of end gum dram. Flip draim
amrvmally.

Check and zun nezzle for wear.

Check and zun are ssttmz bearmszs. and brake.

e -

hale

Pumps

A well maintained pumping system lasts longer and needs fewer repairs. This means less
downtime that may limit your ability to apply animal wastes when envircnmental
conditions are optimal.

Set up weekly, quarterly, and annual routine maintenance and inspection schedules for
systems that are run more than twice a week (Table 4). If vour pump is operated less
often inspect those items listed as weeldy and quarterly every 2 months. Eegardless of
the amount of time a pump is vsed, a certified operator should conduct an annnal
mspection of the pumping and siphon system. As stated earlier, refer to the operation and
maintenance manual provided with vow pumyp for the lubrication and maintenance
required for your pumgp.
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Table 4. Weekly,

APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Stuffing Box Pumps with packing rmgs should leak 2 small amount of water whele the pump iz m
operation. Ifwater 15 not dnppmg from the seal, loosen the gland nuts evenly until
water 15 Just numing out of the smwffbox in 2 DEOPLET form Water should not be
streamumg or spiayving cut. Approximately 20 drops per muimite 13 recommendad for
most punzgs. Adpust the gland nots EVENLY as necessary to mizintain this drop rate
and provide necessary hibrication and cocling of the packing. If packms 15 iightenad
to the it of the packing gland tavel, additional packing 1= neceszarv,

Mechanical Pumps wath mechanical seals, mstead of packing 1inzs and snuff besces, should not

Seals laak. If leaks are detected, ensure that the prmep housing bolts are tghtanad
thoroughly. Iflezks still confinue contact vou pume previder or distributer.

Vibranon Al rotatmz machmes produce soms amount of vibration, Excessrve vibration,
however, can reduce the hie of vour pumping and power wnzt. If a vibration seems
axcessive, stop operation. deterrmine the causs. and comect.

Noize When the umt 15 1n operztion, lizten closely for vomzeal sounds that might mdicate the
unit 1 operzing mproperly. Determme the cause and comect

Suction Line Inzpect line and screen for flow obsoucton.

Ouarterly

Pipinz Inspect all system piping conmertons for leaks and mizalizmment. Misahsmment of

Connections pipe comnectons will put excessive sham on the pung case and may cause damage to
internal components of both the prny and motor. If stress on the ponp case =
suspectad, admst pipe supports to correct. For flange conmections, skt down the
pumep, and remove the prpe flange balts on the puanp comections to check for
musaliznment. If the matmg flanges come apart or shuft, there is presswre at the
commection(s) and adjustments should be made to the pipe supports wndl fanges mate
without force.

Pump Check foundation and for sovmdness and see that all securmz bolts or lazs are secure.

Foundation

Lubrication Conplete all quarter]y lnbrications recommended m vour operation and mamtenance
mammzl for you punon.

Souff Box and Inspect pump packmg gland or mechanical seal for possible replacement. Examine

Mechanical shaft slesve, if present, for wear and replace 1f necessary.

Seals

Pump and 'or Inspect bearmgs for signs of wear. Fepack or replace as requued.

Motor Bearing

Annually

Pumping Inspect the entre pump and pumping svstem for sizms of wear.

System

Valves Inzpect svstem valves, screens, ete. Ensure that all valves are fully operationzl and not
frozen. Lubnicate or veplace if necasszary.

Impeller Check pump mipeller ave or proper clearance. Specific clearance specifications can be
foumd m the punp's operation and maintenance mannzl or from the prop
marmfacturer o local dismbuter.

Pump Houzing | Inspect pump impeller, velute case (housmg), and seal chamber for signs of excessive
WaET OF COrTaElon

Hand Primer Enzwre the hand prover 15 operatmg properly. Disassemoble and mnspect the diapluzzm

for excessive wear or cracks. Replace if necessary.

Maintanance and OF-Sezson Storage of Imgation Equipment
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APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Power Units

Both diesel engines and electric motors are nsed to power irrigation pumps. A well
maintained engine system lasts longer and needs fewer repairs. The following tables
provide a routine and annual maintenance and inspection schedule for pumps with
electric motors (Table 5) or diesel engines (Table &). The required maintenance and
lubrication procedures should be followed daily, vearly. and for various intervals of
engine operating time.

Table 5. Tuspection and Maintenance Schedule for Electric Motors that Power Irigation Pumps,

REQUIRED ACTION | SCHEDULE | PROCEDUREE

Motor Bearing: Chuzrterly Inspect meotor bearings for signs of wear. Repack or raplace as
required.

Pump Foundaton Chuzrtendy Chack the alecme motor’s foundation and for soumdness, See that all
secunng bolts or lags are sacurs.

Lubrication Chuarterly Complete all quarterly lubncations racommended in vour operation
and mamtenzncs manual for your motor punp.

Vibration Chzartenly All rotating machines produce some amenmt of ibeation. Excessive

vibration, however, can reduce the hfe of vour pumping and power
umet. If a vibration seems excessive, stop operation, determmine the
cause, and coiract.

Noize Chzrtenly When the wmit is in operation, histen closaly for unusual seumds that
might mdicate the unit 1= operatmg mproperly. Determmines the cause
and comect.

Motor Windines Avmmally Chack metor windines for desvadation. vewind if necassary,

Terminal Conmections | Ammually Chack to ensure that terminal screws and wite commections ave tight

After several vears, nommal haat and temparatme fluctuztions tend to
loosen termmnal serews and wire commections.

Winterization and Storage Procedures

Te prevent damage, propesly store your irrigater, engine, and pump anytime it will not be
operating for several months. Preparing equipment for winter storage also allows you to
conduct annual inspections and make necessary repairs. If possible, remove equipment
from the field and store it in a clean, dry, covered storage area. The following tables
(Tables 7— 10% will help vou minimize corrosion and deterioration of hard-hose travelers,
irigation pumgps and diesel-powerad pumping units.
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APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Table 6. Inspection and Maintenance Schedule for Diesel Motors that Power Irrisation Pumps,

Tensiom.

EEQUIRED ACTION SCHEDULE MNOTES

Check Engize Oil and Coolant Level Diail»

Check Foel Filter Diaily

Lubricate PTO Eeleaze Bearing Daaly L3 KOT ovar-lubricats and avoid gethng od o=
clzich facings

Check Dust Unleader Valve on Air Dily Chaeck for zir lezks and degradsd rabbar.

Cleamer (if installad)

Lubricate PTO Cluich Shaft Bearings Evary 100 Houmn

Change Imitial Engine Oil and Filter Evary 100 Houn Instially changs snging oil after 100 hown
them svery 230 bours tharsafier. Ensure that cil
filtar masts angine performance standards; refar
o oparetion and maintanance mantsal.

Service Fire Extinanher Evary 100 Houn

Service Battery Evary 230 Houns

Champe Engine 0l sand Filter Evary 230 Houm Chack oparation and maintenance manzal for
mecommended weight odl and approved Sl

Check Fan and Alternarsr Belt Evary 130 Houm To not pry agzins: altarnator mear fama. Onos

adimsted, mecheck tighiness o bales after
opamating 10 miunes

Check PTO Clurch Adjuzmment

Evary

230 Hours

MMzasura clutch angagemant farce at the handls
&7ip using a spring scale. Force sheuld b
Eatwaan §0 — 70 Ibs.

Imitisl Engime Valve Clesrance

400 Hours

Inrtially check valve clezrazce after +00 kours
and then every 1,200 heours thereefiar. Consmlt
anging oparetics and painienance manzal or
cralar.

Lubricate PTO Clutch Inrernal Levers
and Linkage

Evary

600 Houms or Anoually

Clean Crankease Vent Tube

Evary

600 Houss or Annualby

Check Afr Intake Hozes and Evary 600 Houms or Annually Tk air intaks systan: must pot lsak. Even the
Conmertizns smallast leak nsav cawse dame to the sngins
Feplace Fuel Filoer Elemen: Evary 600 Houwms or Annualhy

Check Coolmp Svstem Evary 600 Houms or Anmua

Check Coolant Soludon Evary 600 Houms or Anoualhy Add inkibitor a5 needed

Replace Air Cleaner Elements and
Check Air Intake Svitemm

Evary

600 Houms or Amnually

Perform Enpine Tune-Up

Evary

1200 Howurs ar Every Other

Check and Adjust Engine Speeds

Coosult szgine opamaiion and mzintszance
znammal or dealsr.

Adjust Empime Valve Clearance

Check Fuel Injecaon Svicem

1,200 Heurs or Every Other

Cooslt your auttorized sagizs mpair siaticz,

ng dealar, or disoibater.

Imzpect Turbockarger (if installad)

v 1,300 Howurs ar Every Other

Chack for sxcassive radial or axial play of

compressor wisal and turk mwar boost
prairs. Cozmult yeur sarricing dealer or
cismibusor

Elements

Check Cranlshaft Vibration Damper Evary 1,200 Hours or Every Other Grasp vikbzation dapsper with both hands and

Year atiszopt to tom in botk directions. Ifrotton i
falt, reaplace damper. Faplace damper avary
JUTS 07 §Very 3 vears.

Fluzh Czoling Svicem and Keplace Evary 1,200 Howrs or Evary Other

Thermostats Year

Check Pressore Test Cooling System Evary 1,200 Hours or Every Other ¢ vour autkorized sEgize wpair smaticz,
Yaar ng dealar, or disoibater.

Imzpect and Service Air Cleamer As Requed Whan cleanmy and washing pripzary alememt,

mmarber to wask is a solution of wam: water
and fltar slemant ol NEVEE uie
commrassed air, gasolize, or other sobrents. DO
NOT oil slemant

Maintenancs and Of-Sezson Storage of nigation Equapment
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APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Table 7. Winterization and Storaze Procedures for Hard-Hoze Travelers.

REQUIRED FROCEDURE
ACTION
Purging Hoze The best method of removing water from a hard hese mavelar is purging the hose with

compressed am.  If your imigater s not equipped with ap air-purging cap, ask your eguipment

distributor if one is available. Air purging will allow you to remove 33% of all of the water from

your reel without risking damaging the hose when rolling up dry or fom miswraping.

1. Eetract hose fom feld and lower cart to the ground. Ensure that the carthose is pomted

away from farm workers, vehicles, equipment, and struchares.

Eemove drain cap on cart or open drain valve

Attach air-purging cap to the inlet of the oripator.  Attach hose from compressor to air-

PUCZME Cap.

4. Start air compressor and build up at least 100 pst of pressure. When achieved, open valve
and bepin to purge the water from the ongator

5. DO MNOT STAND near or in froaf of the cart during purging. Omce pressure is built up in the

haose, water will be blown from the irrigator at a great force.

Omce water is blown fom the resl. finish retracting the hose and cradle gun cart. Contipue

with off-season storage procedures

(Y

(=}

Draining Hose Follow this procedurs only if your equipment cannet be purged with compressad am.

1. Tow the hosa out to the full lepgth and oper plug or drain valve on cart

**NOTE: Leawe at least ¥ coil of hose on the drum to prevent pulling the kose off of the real.

2. Fewmd hose slowly with PTO or engine drive. This will allow water to drain from the resl
and prevent damage from freezing

L0 NOT leave the reel unattended durning the draining process. The hose will have a
tendency to flatten slightly and miswrap. You may peed to manually adjust the hose posttion
oo the dram wsing a wooden pole to pry the hose in place.

Check hose for any cracks, damage o1 loose connections. Feplace of repair as necessary.
Replace/close drain plug or drain valve

After removing the irrigator from storage., a full pull of the raveler should be made. This
will ensure that no changes occur to the mechanical speed compensation devices on the
Buipment.

[

£ L da

Dirive Turbine Open pate walve and drain plag o1 petcock on rbine assembly

Fitting: Lubncate all fitings with mmliipurpose grease or appropriate weight odl.

Chassis Touch up any scratched or chipped paint and repaint any masted areas

Big Gun 1y Check nozzle for wear. You may peed to wse machinist’s calipers to check ring nozzles for
appropriate diameter. Replace any worn rings

1) Check reverse rotaton of gun. The pun should travel lefi to rizht and right to left at the same
speed. Big guns operatng in partal circles tend to unevenly wear bearmes, adversaly
affecting the speed of zun rottion If beannes are worn, it may be necessary to replace the
entire gum.

i) Cower the inlet of the pun fo prevent the enfrance of dirt or small animals.
Tires 1. Check fires for wear and cracks.
1 Faeduce tre pressure to 13 psi for off-season storage. Inflate tmes to 40 — 45 pat before
operatng.
Dirive Engine 1. Chapge engine pil.
3. Clean'replace air filter as necessary
Safety Shields Check for the presence of all manufacturer’s safety shields. Tighten and replace safety shizlds as
TECeS5aTy.
Chains {Optional} Pemove and store all chains o a lubricant. such as diesel fiel
Storage 1. Store reslin 2 clean, dry place.
2. Block imigator to remove the weight of the machine from the wheels.
3. Ifthe resl is left outside, cover the entire machine with a waterproof canvas
Maintenance and OF-Sezason Storage of hngation Equpment 3
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APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Table 8. Winterization and Storage Procedures for Center Pivot and Linear Move Svatems.
EEQUIRED ACTION | PROCEDURE
Flushing Flush after pumip repair, struchral 1epan, winterization, season stat-up, and as
often as pecessary to remove acoumlated sand and debeis. Brcessive sprmbler
clogzing or wear can mdicate high debais or sand confent.
Tum matn power off! Cnly water 1= required to flush the wt — the
prvetlinesr does not need tonm. Ensurs that the machme is not under
Water pressure. FEMOVING SAND TRAP PLUGS WHILE UNDER PRESSURE
MAY CAUSE INJURY OFR DEATH!

2. Eemeve pipe drains at each tower. Clean sand and foreimn particles Som

thess dramns. Flip rubber seals when remstzllmg (=tep ).

Famove the sand trap from the last regular drve tower. Clean sand and

forelzn particles Som these dizins and spray nozzles (f metallad).

4. Bemove the phizs m the overhang.

5. Siart the engme'pumyp and zllow the machine the flush theroughly.

6. Tum off water supply. Ramstall all pipe drams, sand traps, and plugs.
After flushing for winterization, be sure the water has drained completelr
from all drains befors replacing drams and phizs to prevent freezing and
splitting of the pipeline.

2

[}

Booster Pump Dhrain the booster punip. Enswre supply Ime 15 not plugged wath sand or delbas.
Eemove diam plug.

Valve or Sensor Selencad valve or senser shamers should be claaned at least cnce a vear. Flemove

Strainers the sorainer housing and wash stamer by rooming fresh water through the stramer.
Avod serubbmg the shaimer to remove collectad parhieles for this may damage the
mesh

Towable Hubs Teowable hubs sheuld be sreased thoroughly.

Parkdng the Steel will expand and contract with vanaton i temperahwre. When In operation

Machine thos process posses no threat, but when equipment 15 parked, sluinkage could

canse severe stuchwal damaze. The stress to conraction of the steel 15 more
savare i longer machines. hmgators 1,500 feet or longer are suscepible to thess
stresses and may exhibi shrmkage of 8-12 mehes when wheel tacks are 2
problem. Eafer to vour monufactwsr’s or opetator’s mamal or follow one of the
follownng methods when pakong the machme in the of - seazon:
1. Park the machme in an area where wheel tracks have been
aliminated
2. Flace wooded planks, (2 x 12 inch), over the whesl tracks. Park the
machine with the ties centared on the planks.
3. Bemove all wheel wacks and mm machine 100 - 200 vards, Ouly
operate umts (dev) 1f the temperature 15 sbove 40° F.
4. D[hsconnect machines with spans taller than & — 10 feet Secure spans
with chains to allow for contraction diring cold weather.

See Table 6 for addittonal seasonal maintenance procedures,
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APPENDIX D: WINTERIZATION AND MAINTENANCE OF EQUIPMENT

Table &, Winterization

nd Storage Procedures for Asvicultural Pumps.

REEQUIRED ACTION

FROCEDLUEE

Paint Pump Housing

Femove all exterior dot and srime that may trap medstme. Prime and repaint
any exposad metal to prevent conosion

Flush Suection and
Discharge Lines

Flush suction and discharge Imes. Check for leaks and replace wom gaskets.

Drain Pump Casing

Femove the lowest plug on prmnp and dram casing.

Lubricate Bearings Lubricate bearings acoording to oparation and maintsnance manual.

Provade Storaze If poszible, keep unit m cleam, div storaze ares fo prevent comosion

Seal Open Ports Seal all open ports to keep out foreizn objects, such as meects, vodents, dust, and
dart.

Rotate Drive Shaft Fotate dive shaft penodically to prevent freeze-up of miemal componsnts.

Table 10. Winterization and Storage Producers for Dhesel Ensines that Power Agricultural Pumps.

STEF | ACTIONITEM PROCEDURE

1 Engine (il and Filter | Change engine oul and ol filter.

2 Air Filter Service aw filter according to operation and mainfenance manual.

3 Cooling System Dhammg and flushmg of coolng svetem 15 not requured if enzine will ke store
for several months. However, for longer than a vear, drain the cooling system
and refill aceerding to cperation and mamfenance mamal

4 Fuel Tank Dham the fuel enk and add 1 oz, Of mbubitor to the Siel taxnk for each 4 zallons
of tank capacity.

5 Cranlocaze Ohl Add | oz. of mubitor to the snzme crankcasze for ezch quait of crankease oil.

6 Air Intake Dhscommect all an mizke pipmg fom the manifeld. Pow 3 oz. of inhibitor inta
the mtaks system and replace piping.

7 Start Engine Crank snzine several revolutions with starter, whale MOT allowing the engine
to start.

8 Belts Loosen fan and altemator belts to relieve tension. Femove belts if desired.

9 Batteries Femove and clean battenies. Store m cool, drv placed and keep fully charged

10 PTO Clutch Dhsengaze PTO clutch.

11 Engine Openings Seal all cpemngs on engme with plastic bags and tape. Contact engime dealer
for specialized storaze kits.

11 Expozed Metal Ceat all exposed metal surfaces with svease or comosion mhibitor.

12 Engine Exterior Clean the exterior of enpme and tonch-up any scratched or clippad pamted
surfaces.

14 Engine Storage Stors engine in a dry, protected area to prevent additonal corrosion. If stored
outside, cover with waterproof canvas or other suitzble material, and seal ends
with a strong waterproof tape.

Removing Engine
From Storage

1 Protective Coverings | Femove all protective coverings from engime. Unseal all openmgs and remeore
covering from electrical system

2 Batteries Femiove battaries from storage. Instsll batteries, and connact the cablas.

Belts Imstall nemwr fam and altemator belts (f needed). Adjust belt tensions to
appropriate specifications (refer to operation and mamfenznce mamal).

[ Fuel Tank Full fuel tank.

5 Start-up Checle: Perform all start-up checks specified in operation and mamtenance manual.

] Starting Engine 1. Crank engme for 20 seconds, while not allowing the engine to start. Then

stat engme. D0 NOT operate the starter mere than 30 seconds at 3 ime.
Wait at least 2 manutes for starter to cool before oving agam.
2 Oparate engine at slow 1dle for several minutes, Wamm up engme and
check all zauges before ubiatng pump and placing the enzine under load.
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